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Patient 
46 y.o. HIV-infected man, lawyer, presented for 
initial medical care 

HIV acquired via sex with men

Initial medical evaluation:
- CD4 count 427/26% cells/μL
- HIV viral load 26,168 copies/mL
- hepatitis A Ab+; hepatitis B sAb+ (vaccinated); 

hepatitis C antibody negative
- LFTs with normal range

Antiretroviral therapy was deferred



Patient 
3 mo later returned for routine check-up

felt well, no complaints, exam normal

but new social history:
recent unprotected sex with many men, 
some anonymous, met via internet

using crystal methamphetamine, cocaine, 
“ecstasy,” amyl nitrate, marijuana at “parties” 

not injecting these or other drugs, no EtOH



Patient 
Labs:

- CD4 458/26% cells/μL

- HIV VL 32,444 copies/mL

BUT:

- ALT 960 U/L  

- AST 760 U/L

- Alk phos 211 U/L

- Total bili 1.0 mg/dL



Patient 

Follow-up testing:

HCV Ab:  newly positive (negative 3 mo 
prior)

HCV VL:  5.9 log10 IU/mL

HCV genotype: 1a

RPR: non-reactive



Men-who-have-sex-with-men (MSM) as 
risk group:

no evidence in ‘70s and ‘80s of sexual 
transmission among MSM

HCV in HIV negative, non-IDU MSM:  
0.3 to 2% prevalence in U.S.

similar to U.S. general population

HCV Acquisition:
our patient, what’s new?



injection drug use not mode of transmission

sexual transmission likely (while it does not 
occur in discordant heterosexual couples) 

HIV was present before new HCV infection

HCV Acquisition:
our patient, what’s new?



HCV isn’t sexually transmitted
Marincovich B, et al. Absence of hepatitis C virus 
transmission in a prospective cohort of heterosexual 
serodiscordant couples. Sex Transm Infect, 79:160-162; 2003

Tahan V, et al. Sexual transmission of HCV between 
spouses. Am J Gastroenterol, 100:821-824; 2005

Vandelli C, et al. Lack of evidence of sexual transmission of 
hepatitis C among monogamous couples: results of a 
10-year prospective follow-up study. Am J Gastroenterol, 
99:855-859; 2004

...in discordant heterosexual couples

HCV Acquisition–things we 
thought we knew



MSM don’t get HCV through sex

Seroprevalence studies in ‘70s and ‘80s 
did not suggest sexual transmission 
among MSM

HCV in HIV negative, non-IDU MSM:  
0.3 to 2% prevalence in U.S.

HCV Acquisition–things we 
thought we knew



There are lots of kinds of sex

Things change over time

HCV Acquisition–things we 
thought we knew



Browne 2004
Gilleece 2005 

Götz 2005 

Vogel 2005Ghosn 2004
Gambotti 2005 

Primary HCV in HIV+ MSM: 
Initial Epidemic Reports



Fierer 2008 Matthews 2007
Luetkemeyer 2006

Primary HCV in HIV+ MSM: 
Further Epidemic Reports



Bottieau 2010

Montoya 2011

Barfod 2011

Primary HCV in HIV+ MSM: 
Further Epidemic Reports



Wandeler; Swiss Cohort; 
CROI 2012

van der Helm; CASCADE 
Cohort; AIDS 2011

Primary HCV in HIV+ MSM: 
Incidence



Demographics of 
International Epidemic

N
Age

(years) MSM
CD4

count
ART
(%)

IDU
(%)

Main
Geno

UK 107 36 all 550 67 17 1a

Holland 57 40 all na na 3 1a

France 10 40 all 625 75 0 4d

Germany 24 38 all 447 na 4 1a

Australia 24 41 all 596 63 50 1a

New York 78 40 all 477 74 13 1a

van de Laar Gastroenterology 2009
Fierer MMWR 2011
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viremia detectable within 
7 to 10 days 

ALT elevation 2 to 8 wk

Ab seroconversion ~6 wk 
(3rd gen) to ~9 wk (2nd 
gen)

HCV VL fluctuates widely 
(> 1 log)
presumably due to “battle” with 
immune response

Early Course of HCV 
Infection

“acute” period

24



“acute” defined as first 6 months of infection

6 mo. period is not based on biological 
characteristics of new HCV infection

“acute” does not denote severity, simply 
chronicity

in fact, ~80% of patients asymptomatic during 
“acute” HCV

“Acute” HCV Infection
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New HCV in HIV+ MSM:  
Case Definition

HIV-infected MSM examined at Mount Sinai during 
October 2005–December 2010 who had:

1. a newly elevated alanine transferase (ALT) level

2. a newly positive HCV-antibody test result, and 

3. no other evident cause of the newly elevated ALT 
level

If no record of a previous negative HCV-antibody test:

jaundice or ALT elevation of more than 15-fold 
above the upper limit of normal (i.e., >450 U/L)



New HCV in HIV+ MSM:
Baseline Demographics

Characteristic [N=74] Result
Age, median (yrs) 39 (range 23-63)
Race/ethnicity

White 41 (55%)
Black 14 (19%)
Hispanic 18 (24%)
Asian 1 (1%)

CD4 count, median (cells/μL) 483 (range 66-1,258)
Duration of HIV infection, median (yr) 8 (range 0-23)
Receipt of antiretroviral drug therapy 55 (74%)
HIV viral load < 400 copies/mL 50 (68%)
No prior HCV-positive serology 9 (12%)
Seroconversion interval median (mo) [N=65] 12 (range 0-110)
Presence of jaundice on presentation 14 (19%)
Peak ALT, median (U/L) 665 (range 72-5,291)
Peak HCV viral load (log10 IU/mL) 6.68 (range <0.7-8.0)
HCV genotype [N=72]

1a 65 (90%)
1b 4 (6%)
2b 2 (3%)
3a 1 (1%)



22 cases were matched by age, race, and 
ethnicity with 1 to 10 HIV-infected MSM 
without HCV infection (N = 53)

excluded all cases and controls reporting any 
prior injection of any drug

 duration HIV infection, CD4 count, HIV VL 
not significantly different (p > 0.05)

Risk Factors for New HCV: 
New York



Administered explicit questionnaire on sex, 
drugs, other behaviors over prior 12 months

McNemar’s test (matching analysis), 
univariable and multivariable analyses 
performed

Stephanie Factor

Risk Factors for New HCV: 
New York



Significant Risks p value

Receptive AI, no condom, +ejac 0.0022
Insertive AI, no condom, -ejac 0.0073

Insertive AI, no condom, +ejac 0.050

Performed rimming 0.010

Insertive fisting 0.0037

Receptive fisting 0.0047

Use of sex toys 0.014
Number of partners 0.038

Group sex 0.0045
Sex in public place 0.053

Had syphilis 0.0057

Had gonorrhea 0.013

Not Significant Risks p value

Receptive AI, no condom, -ejac 1.00
Receptive AI with condoms 
(safe) 

0.38
Insertive AI with condoms 
(safe) 

0.58
Oral sex (all permutations) 0.06-1.00
Been rimmed 0.12

Univariable analysis:

Risk Factors for New HCV: 
New York–Sex



Significant Risks p value

Sex while high 0.0016

Marijuana 0.020

Cocaine 0.013

Ketamine 0.022

GHB 0.0025

Ecstasy 0.018

Not Significant Risks p value

Sex drunk 0.19

Methamphetamine 1.00

Heroin 1.00

Poppers 1.00

Univariable analysis:

Risk Factors for New HCV: 
New York–Drugs



Multivariable conditional logistic regression 
(forward, backward, and stepwise)

Interaction terms built for all exposures 
with p < 0.05

Final model included only exposures 
associated with new HCV infection at 
p < 0.05

Risk Factors for New HCV: 
New York



Multivariable analysis:

1. Receptive, unprotected anal intercourse 
without condoms, with ejaculation (of partner): 
" Odds Ratio 23.00 (2.17, 243.84)  p = .009

2. Sex while high on crystal methamphetamine:
Odds Ratio 28.56 (1.84, 443.03)" p = .02

Risk Factors for New HCV: 
New York



Multivariable analysis (60 cases, 
130 controls, Fisher’s exact test):

1. Group sex with receptive or insertive UAI, or 
receptive or insertive fisting: 

Any 2:  Odds Ratio 9.16 (3.51, 23.90)

≥ 3:  Odds Ratio 23.50 (9.47, 58.33)

Risk Factors for Sexually-
acquired HCV: London

Danta, AIDS 2007



Multivariable analysis (34 cases, 
67 controls, Fisher’s exact test):

1. Rectal trauma with bleeding, frequently or 
always:  OR 6.19 (1.17, 32.81)  p = 0.032

2. Frequent receptive fisting without gloves:  
OR 5.71 (1.50–21.68) p = 0.011

3. Nasal drug use:  OR 3.25 (1.06– 9.96) 

" p = 0.040

Risk Factors for Sexually-
acquired HCV: Germany

Schmidt, PLoS One 2011



Risk Factors for Sexually-
acquired HCV

London Germany New York

Group sex with ≥2 of:
Rectal trauma with 
bleeding, frequently or 
always

Receptive unprotected 
anal intercourse with 
ejaculation

receptive or insertive 
unprotected anal 
intercourse

Nasal drug use
Sex while high on 
crystal 
methamphetamine

or receptive or 
insertive fisting

Frequent receptive 
fisting without gloves
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Fibrosis During Primary HCV 
Infection in HIV+ Men

Liver Fibrosis during an Outbreak
of Acute Hepatitis C Virus Infection
in HIV-Infected Men: A Prospective
Cohort Study

Daniel S. Fierer,1 Alison J. Uriel,2 Damaris C. Carriero,2 Arielle Klepper,2
Douglas T. Dieterich,2 Michael P. Mullen,1 Swan N. Thung,3
M. Isabel Fiel,3 and Andrea D. Branch2

Divisions of 1Infectious Diseases and 2Liver Diseases, Department of Medicine,
and 3Department of Pathology, Mount Sinai School of Medicine, New York,
New York

Outbreaks of acute hepatitis C virus (HCV) infection are oc-
curring in HIV-infected men who have sex with men. We eval-
uated risk factors and liver histopathology in 11 consecutively
enrolled men with newly acquired HCV infection that was di-
agnosed on the basis of antibody seroconversion, new eleva-
tions in alanine aminotransferase level, and wide fluctuations
in HCV RNA level. Ten patients reported unprotected anal in-
tercourse, and 7 reported “club-drug” use, including metham-
phetamine. Liver biopsy showed moderately advanced fibrosis
(Scheuer stage 2) in 9 patients (82%). No cause of liver damage
other than acute HCV infection was identified. The specific
pathways leading to periportal fibrosis in HIV-infected men
with newly acquired HCV infection require investigation.

Immunosuppression accelerates the progression of fibrosis in
hepatitis C virus (HCV)–infected patients. The magnitude of the
acceleration is relatively modest if immunosuppression occurs
after the chronic phase of HCV infection has been established.
Thus, although the fibrosis progression rate (FPR) of patients
with chronic HCV infection and end-stage renal disease is !0.11
fibrosis units per year, if these patients undergo kidney trans-

plantation and begin receiving immunosuppressive drugs, the
FPR increases to !0.14 U per year [1]. Injection drug users
(IDUs), who typically acquire HCV infection before HIV infec-
tion [2], provide another example. Classic studies [3] indicate
that the FPR of patients with chronic HCV monoinfection is
!0.11 U per year and that the FPR of patients with chronic
HIV/HCV-coinfection is "2-fold greater, !0.15 U per year. The
majority of HIV/HCV-coinfected IDUs are not expected to de-
velop cirrhosis (stage 4 fibrosis) for 20 years or more.

In contrast, patients who acquire HCV infection when they
already have defects in cellular immunity are reported to
progress to cirrhosis, end-stage liver disease, and death in as few
as 3 years. This dire outcome has been observed in transplant
recipients [4, 5], patients with hematological disorders and im-
munodeficiencies [6, 7], and patients with preexisting HIV in-
fection [8, 9]. Fortunately, HCV infection of immunocompro-
mised patients has been rare, especially since the advent of blood
screening tests. Recently, however, outbreaks of acute HCV in-
fection in HIV-infected men who have sex with men (MSM)
have been reported in Europe and the United States (see Danta et
al. [10] and references therein). The rapid progression of fibrosis
in other groups of immunocompromised patients with newly
acquired HCV infection suggests that these men may be at a high
risk for greatly accelerated liver damage. To explore this possi-
bility and to determine risk factors for HCV transmission, we
performed a prospective study of HIV-infected MSM who had
recently acquired HCV infection. Liver biopsy of 9 of 11 consec-
utively enrolled patients showed moderately advanced fibrosis
(Scheuer stage 2, scale of 0 – 4 [11]). Ten patients reported un-
protected anal intercourse, and 7 reported “club-drug” use, in-
cluding methamphetamine.

Methods. Written informed consent was obtained with ap-
proval of the Mount Sinai Institutional Review Board, in accor-
dance with the Helsinki Declaration of 1975, as revised in 2000.
Patients were interviewed and completed a detailed question-
naire about sexual practices and drug use during the prior 12
months (modified from Danta et al. [10]). Medical records were
reviewed. The HCV antibody test used was a third-generation
HCV EIA (Abbott HCV EIA 2.0). The HCV RNA test used was
HCV Cobas Amplicor (version 2.0; Roche Diagnostics; cutoff,
2.8 log10 IU/mL). HCV was genotyped by INNO-LiPAssay
(Bayer Diagnostics). The hepatitis B virus (HBV) load test used
was real-time polymerase chain reaction (Quest Diagnostics
Nichols Institute; cutoff, 100 IU/mL). The test used for HIV load
was Amplicor (version 1.5; Roche Diagnostics; cutoff, 1.7 log10

copies/mL).
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Liver biopsy showed moderately advanced fibrosis (Scheuer 
stage 2) in 9 (82%) of 11 patients.  No other cause of liver 
damage other than acute HCV infection was identified.

JID 2008:198 (1 September)



Fibrosis During Primary HCV 
Infection in HIV+ Men

Antwerp, Belgium 2001 through April 2010

37 patients had liver biopsy, median 7 months 
(range: 3–36 months) after diagnosis of HCV 
infection: 

22/37 (59%) had stage 2 or 3 fibrosis

Bottieau Eurosurv 2010 



Fibrosis During Primary HCV 
Infection in HIV+ Men

Vogel Clin Infect Dis 2012

N=38
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Treated, cured, but…
Re-infected
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generate partial protective immunity to reinfection or
increase the chance of clearance of reinfection.

Several studies that compared incidence rates of primary
infection and reinfection amongst injecting drug users
have presented results that argue both for [8,18,19] and
against [6,7,10] this phenomenon. Differences between
these studies are probably due to variations in time
intervals of testing, age of the participants, frequency of
ongoing drug use, and adjustment for behaviour in the
analyses. The higher incidence of reinfection in our study
compared to the incidence of primary infection in
Amsterdam [2,20] and elsewhere [3] indicates that, as

expected, there is no complete protection. Yet, the
finding that most reinfections in this study occurred with
a different genotype compared to the primary infection
suggests that genotype-specific immunity may develop in
some individuals.

Additionally, underlying a persons’ ability to develop
protective immunity, genetic profiles may play a role in
susceptibility to HCV reinfection. The association of
genetic variations near the Interleukin-28B (IL28B)
region with spontaneous HCV clearance and treatment-
induced clearance has been well described for HCV-
monoinfected patients [21–28]. Similar results have been

HCV reinfection amongst HIVRMSM Lambers et al. 5

Fig. 2. Cumulative incidence of hepatitis C virus (HCV) reinfection after successful treatment of primary HCV infection.

Fig. 3. Peak ALT levels during follow-up. peak ALT levels in U/L during the observation period (end of treatment until last negative
or first positive time point. The dotted line represents the maximum normal ALT value.

Lambers; Amsterdam; AIDS 2011:

Reinfection: 11/51 (22%), median of 
8.4 months after SVR

Incidence: 15.2/100 PR
compared to ~13/100 PY for 
initial infections 

Jones; London; JAIDS 2010:

Reinfection: N=22 
[denominator unclear (?~110)]
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40 ti t h d SVR 5 ti t h d t l (Fi 1) Th di ti tHepatitis C virus (HCV) reinfections have been described in high-risk populations such as i v 40 patients had a SVR 5 patients had a spontaneous clearance (Figure 1) The median time toHepatitis C virus (HCV) reinfections have been described in high risk populations such as i.v. 40 patients had a SVR, 5 patients had a spontaneous clearance (Figure 1). The median time to

drug users the second diagnosis was 34 months (range 10-94) At the time of the second infection mediandrug users. the second diagnosis was 34 months (range 10-94). At the time of the second infection, median
Primary HCV infection in chimpanzees and humans followed by re exposure to viruses from HCV viral load ALT AST and GGT were not statistically different to the first infectionPrimary HCV infection in chimpanzees and humans followed by re-exposure to viruses from HCV viral load, ALT, AST and GGT were not statistically different to the first infection.y p y p
either homologous or heterologous HCV strains has been reported to be associated with mild

, , y
26 patients switched genotypes (Table 2) 7 patients cleared spontaneously 18 had a SVR andeither homologous or heterologous HCV strains has been reported to be associated with mild 26 patients switched genotypes (Table 2). 7 patients cleared spontaneously, 18 had a SVR, ande t e o o ogous o ete o ogous C st a s as bee epo ted to be assoc ated t d

h titi ti l i t ti d t ili i i it
p g yp ( ) p p y, ,

12 h ifi d d it t t thepatitis partial immune protection and even sterilizing immunity 12 chronified despite treatment.hepatitis, partial immune protection and even sterilizing immunity.
T d h l f d HCV i f i i h h l

12 chronified despite treatment.
P ti t ith t l i th fi t i d lik l t l iTreatment outcomes and the natural course of repeated HCV infections in humans have rarely Patients with spontaneous clearance in the first episode were more likely to clear againTreatment outcomes and the natural course of repeated HCV infections in humans have rarely Patients with spontaneous clearance in the first episode were more likely to clear again
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S i d l d hi d i f i i h HCV 1 (2 GT i h 2 SC SVR)Seven patients developed a third infection with HCV genotype 1a (2 GT switch 2 SC 5 SVR)Seven patients developed a third infection with HCV genotype 1a (2 GT switch, 2 SC, 5 SVR).

Age mean [years] (range) 38 (24 54) One patient cleared the third episode became reinfected with a genotype 1b clade and clearedAge, mean [years] (range) 38 (24-54) One patient cleared the third episode, became reinfected with a genotype 1b clade and cleared
MSM [ ] (%) 4 (100)

p p g yp
again (Figure 1)45 HIV+ MSM with acute HCV infectionMSM [n] (%) 45 (100) again (Figure 1).45 HIV+ MSM with acute HCV infection g ( g )
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g [ ] ( ) ( ) Phylogenetic analysis identified a reinfection cluster of four patients in Berlin, one of these
ti t b i f t d ith l t id ti l t 1 l d ft 3 f HCV

40 SVR5 SCEpisode 1
Patients on ART [n] (%) 30 (67) patients became reinfected with an almost identical genotype 1a clade after 3 years of HCV

p
Patients on ART [n] (%) 30 (67) patients became reinfected with an almost identical genotype 1a clade after 3 years of HCV
Patients with HIV viral load <50 c/mL RNA negativity (data not shown)Patients with HIV viral load <50 c/mL
[ ] (% f t t d) 21 (70) RNA negativity (data not shown).

16 SVR3 SCEpisode 2 4 SC 12 C2[n] (% of treated) 21 (70) 16 SVR3 SC(8 pending) 4 SC 12 C2 
SVR

Median CD4 cell count [/mm3]  (CI) 490 (432-597)[ ] ( ) ( )

Median HCV viral load [IU/mL] (CI) 1.0x106 (4.4x105 to 2.0x106) 30Episode 3Median HCV viral load [IU/mL] (CI) 1.0x10 (4.4x10 to 2.0x10 )
28

30
1 � 3 1

p
(1 pending) 1SC 1SVR 2 SVR 2 C

S it h N S it h Cl N ClMedian ALT [U/L] (CI) 445 (266-726) 26
28 1 � 3 1

1 � 4 1
( p g)

Switcher Non-Switcher Clearer Non-ClearerMedian ALT [U/L] (CI) 445 (266-726) 26 1 � 4 1
1a � 4 4d 6

Median AST [U/L] (CI) 209 (136 318) 25
1a � 4, 4d 6
1 � 3 1 M di HCV RNA [IU/ L] 310000 360000 210200 507400Median AST [U/L] (CI) 209 (136-318) 25 1a � 3a 1Episode 4 1SC Median HCV-RNA [IU/mL] 310000 360000 n.s. 210200 507400 n.s.

M di GGT [U/L] (CI) 320 (272 398)
1a � 1b 1SC=spontaneous clearance, SVR=sustained 

Median GGT [U/L] (CI) 320 (272-398) 1b � 1a 1
p ,

virological response, C=chronification M di ALT [U/L] 301 463 498 30620 1b � 4, 4d 2
virological response, C chronification Median ALT [U/L] 301 463 n.s. 498 306 n.s.20

)

1b � 4, 4d 2
3 � 1a 4Table 1: Baseline characteristics of 45 HIV+ MSM at first episode of acute HCV infection CI=95% confidence interval Figure 1: Outcome of acute HCV infection according to infection episode, pending patients on treatment
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Table 1: Baseline characteristics of 45 HIV+ MSM at first episode of acute HCV infection. CI=95% confidence interval Figure 1: Outcome of acute HCV infection according to infection episode, pending patients on treatment
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Median AST [U/L] 138 203 n.s. 296 139 n.s.
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10Retrospective analysis from four German centers specialised in HIV and viral hepatitis C
8

10Retrospective analysis from four German centers specialised in HIV and viral hepatitis Median CD4 cell count 498 492 n s 681 472 p=0 038
coinfection (Berlin Bonn Frankfurt Hamburg) [/mm3] 498 492 n.s. 681 472 p=0.03
coinfection (Berlin, Bonn, Frankfurt, Hamburg). [ ]
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Clinical and laboratory data from patients with at least a second proven HCV infection were On ART [n] (%) 19 (73) 11 (61) n s 4 (57) 26 (68) n s45Clinical and laboratory data from patients with at least a second proven HCV infection were On ART [n] (%) 19 (73) 11 (61) n.s. 4 (57) 26 (68) n.s.C ca a d abo ato y data o pat e ts t at east a seco d p o e C ect o e e
i l d d i thi d t bincluded in this database. IL28B C/C [n] (%) 5 (33) 5 (38) n s 4 (80) 7 (29) p=0 05

0
included in this database. IL28B C/C [n] (%) 5 (33) 5 (38) n.s. 4 (80) 7 (29) p 0.05

0
G t 1 G t 3 G t 4Genotype 1 Genotype 3 Genotype 4

D fi iti f i f ti P iti HCV RNA ft f th f ll i diti Episode 1 Episode 2Definition of reinfection: Positive HCV RNA after one of the following conditions: Episode 1 Episode 2Definition of reinfection: Positive HCV RNA after one of the following conditions:
Sustained virological response (SVR) 24 weeks after succesful treatment with Figure 2: Genotype distribution at first and second HCV episode (n=45) and genotype switches (n=26) Table 2: Patients with or without genotype switch and with or without viral clearance at second HCV episodeSustained virological response (SVR) 24 weeks after succesful treatment with
pegylated interferon (+/ Ribavirin) 24 weeks of HCV RNA negativity after spontaneouspegylated interferon (+/- Ribavirin), 24 weeks of HCV RNA negativity after spontaneous

C
p gy ( ), g y p
clearance (SC) genotype (GT) switch phylogenetic clade switch Conclusionsclearance (SC), genotype (GT) switch, phylogenetic clade switch. Conclusionsc ea a ce (SC), ge otype (G ) s tc , p y oge et c c ade s tc

Sexually transmitted HCV reinfection is not a rare condition in a high risk MSMSexually transmitted HCV reinfection is not a rare condition in a high-risk MSMSexually transmitted HCV reinfection is not a rare condition in a high risk MSM 
l ti d ft t l d SVRpopulation and occurs after spontaneous clearance and SVRResults population and occurs after spontaneous clearance and SVR. Results

Patients with spontaneous clearance and IL28B C/C genotype are more likely toO ll 45 ti t id tifi d f th d t b h h d t t f t d i d Patients with spontaneous clearance and IL28B C/C genotype are more likely to Overall, 45 patients were identified from the database who had two to four repeated episodes p g yp y
l d i f ti

Overall, 45 patients were identified from the database who had two to four repeated episodes
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O d t d t t th t f HCV i t ti i HIVHCV genotype distribution is shown in Figure 2 Eleven (38%) patients had IL28B genotype Our data does not support the concept of HCV immune protection in HIV-HCV genotype distribution is shown in Figure 2. Eleven (38%) patients had IL28B genotype Our data does not support the concept of HCV immune protection in HIVg yp g ( ) p g yp
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Reinfection: N=53 
[denominator unknown]
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SF=12

LA=1
SD=1

NY=77

Bo=9

Ph=2

102 genotype 1 isolates (Mt Sinai=69; Cornell=8; UCSF=12; 
Philly=2, MGH Boston=9; LA=1, and UCSD=1)

‣ Yury Khudyakov, CDC Viral Hepatitis Branch

sequenced 436 bp region of HCV NS5B

MGH samples sequencing by Todd Allen, Allyson Bloom

‣ Thijs van de Laar, Amsterdam Health Services

Maximum likelihood phylogenetic trees constructed with 
bootstrapping (n=1000)

Bootstrap values > 70 represent robust monophyletic clusters

MOLECULAR EPIDEMIOLOGY OF 
PRIMARY HCV:  U.S.

Kristen Marks, Andy Talal, Cornell; Brad Hare, UCSF; Kyong-Mi Chang, U Penn; Arthur Kim, MGH



Cluster 3, SF/NY 
(n=6)

Cluster 2, NY/Bo 
(n=7)

Pair A, SF

0.02

Cluster 1, NY (n=10)

Cluster 4, NY (n=6)

Cluster 5, NY (n=5)

Cluster 8, NY (n=4)

Cluster 6, NY (n=5)

Cluster 7, NY (n=4)

Cluster 9, NY (n=3)
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Pair D, NY/Bo

Pair C, NY/SD
Pair B, NY

Pair E, NY
Pair F, NY

Pair H, NY

Pair G, Bo

1a

1b

West coast
San Francisco (SF) N=12
San Diego (SD), Los Angeles N=2

Clusters (n>2) and Pairs (n=2)

West coast

East coast

Mixed coasts

New York (NY) N=77

Philadelphia N=2

East coast

Boston (Bo) N=9

MOLECULAR 
EPIDEMIOLOGY OF 

PRIMARY HCV:  
U.S.

Fierer CROI 2010



Limited clustering between East and West coasts:

6-patient cluster 

1 pair 

Limited clustering between East coast cities:

SF=12

SD=1

NY=77

Bo=9

Molecular Epidemiology of 
Primary HCV:  U.S.

1 pair (1NY   1Bo)

(4 SF     2 NY)

(1SD     1 NY)

67% of MSM harbored an HCV sequence very similar to one 
found in at least one other MSM, with clustering in cities, but:
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871a
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U.S. cluster 5 (n=5)

U.S. cluster 1 (n=10)

U.S. cluster 2 (n=6)

U.S. cluster 9 (n=3)
U.S. cluster 6 (n=5)
U.S. cluster 7 (n=4)

U.S. cluster 4 (n=6)

U.S. cluster 8 (n=4)

U.S. cluster 3 (n=6)

European cluster 1 (n=38)

Australian cluster 1 (n=6)

European cluster 3 (n=18)

European cluster 2 (n=19)

European cluster 5 (n=6)

Australian cluster 2 (n=4)

European cluster 4 (n=12)

European cluster 6 (n=4)

MOLECULAR 
EPIDEMIOLOGY OF 

PRIMARY HCV:
INTERNATIONAL

Thijs van de Laar...Mark Danta Gastro 2009

Australian

European

U.S.

Europe (Eng, Neth, Ger, Fr) N=112

U.S. (NY, Phil, Bo, SF, LA, SD) N=102

Australia (Syd, Melb, Brisb) N=16

Clusters (n>2)

European + Australian cluster

European + U.S. cluster

Fierer CROI 2010



Epidemic of new HCV in HIV+ MSM in U.S. is 
demographically similar to Europe and 
Australia

Molecular epidemiology shows little overlap 
between U.S., European, and Australian cities, 
suggesting largely independent evolution of 
epidemics, not a network of transmission

Similar transmission practices are occurring 
across continents and hemispheres:  larger 
prevention interventions are needed

MOLECULAR EPIDEMIOLOGY PRIMARY HCV
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Sex...but 
what fluid? Better RGT 

needed

Very fast at 
first, but for 

how long?

Mostly local 
HCV, not 

much spread
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